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The  mechanisms of  competition and   resource domination  were  analysed in  the   Mediterranean ant 
Camponotus cruentatus. In a plot  located in southern Spain  mature colonies are overdispersed, which is in- 
dicative of  territoriality in  other species.  Unexpectedly,  however, workers from  neighbouring colonies 
commonly foraged in areas  that overlapped by more than 44%.  This suggests that while  mature colonies 
possibly prevent the  establishment of new  colonies in the  vicinity of their nests, they do not limit the  in- 
trusion of alien  foragers. In contrast, rich  food  sources located in common foraging areas  are aggressively 
defended, generally leading to their domination by the  nest  that discovered them ﬁrst.  Resource  exploita- 
tion further requires rapid recruitment of  foragers  and  soldiers to  transport food  as well  as to  exclude 
competitors. Complementary to the  ﬁeld  experiments we conducted laboratory bioassays to assess inter- 
colonial aggression. Group encounters showed that workers of C. cruentatus  were equally aggressive towards 
alien  ants irrespective of whether they were sympatric neighbours (and had  possibly had  contact), sympa- 
tric nonneighbours (which had probably had no contact), or allopatric. This was corroborated by analysis of 
the  hydrocarbons that generally serve as colony recognition cues. This mixture, which contains an unusual 
proportion of  trimethylalkanes, showed important  colony speciﬁcity. The  high intraspeciﬁc aggression 
shown indiscriminately by  workers indicates that the  ‘dear  enemy’ effect  does  not exist  in  this  species 
and  suggests that scarce resources are worth defending against intraspeciﬁc competitors. We discuss  several 
proximate and  ultimate constraints that may  prevent the  general occurrence of this  process in ants. 
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The  populations of many ant species  and  the spatial 
distribution of their nests are often controlled by density- 
dependent  competitive  processes (Ho¨ lldobler  &  Wilson 
1990).  In the  Australian meat ant,  Iridomyrmex  purpureus, 
high colony density increases intraspeciﬁc competition 
whereby colonies aggressively exclude each  other (Thomas 
et al. 1999).  On  the other hand, experimental removal of 
all colonies of the red  imported ﬁre ant, Solenopsis invicta, 
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from study plots was followed by a rapid population recovery 
due to the emigration of nearby colonies. At low nest density 
such migrating colonies have better chances of establish- 
ment, and  enhanced survival and  growth rates  (Adams  & 
Tschinkel 2001).  Aggressive  intraspeciﬁc competition is as- 
sisted by the ants’ ability to discriminate between nestmates 
and alien conspeciﬁcs, which allows workers to maintain col- 
ony insularity, in which on the one hand altruism is directed 
to often highly related nestmates (Jaisson 1991; Lenoir et al. 
1999), while on the other hand domination of important re- 
sources like food  or nest site  is obtained by aggression di- 
rected at alien con- or heterospeciﬁc. Nevertheless, the lack 
of  conspeciﬁc aggression, but  not interspeciﬁc aggression 
(Errard et al. 2006) is a cornerstone in the evolution of unico- 
loniality (Chapman & Bourke  2001;  Chapuisat et al. 2005) 
and explains much of the recent invasions by tramp species 
   
 
(Holway et al. 1998;  Suarez  et al. 1999;  Astruc  et al. 2001; 
Giraud et al. 2002; Le Breton et al. 2004). 
In their natural range, mature societies often defend an 
exclusive area  around their nest  where they aggress  alien 
ants and prevent the establishment of other colonies of the 
same species (Ryti & Case 1986; Cushman et al. 1988; Breed 
et al. 1990;  Nichols & Sites 1991;  Wiernasz & Cole  1995). 
One important consequence is that, on a local scale, mature 
nests  are frequently overdispersed rather than aggregated 
or randomly distributed. In various harvester ants (Pogono- 
myrmex spp.),  the  wood ant, Formica rufa, and  the  neotrop- 
ical  ant  Ectatomma  ruidum,  such  nest  distribution  allows 
mature colonies to forage on nonoverlapping areas or trunk 
trails,  which reduces the  number of aggressive interactions 
between conspeciﬁc neighbours (Ho¨ lldobler 1974;  Skinner 
1980;  Levings  & Franks  1982;  Breed et al. 1990).  Random 
nest distribution occurs in some species like Cataglyphis cur- 
sor, in which the  foraging ranges of neighbouring societies 
widely  overlap (Lenoir  et al. 1990).  However, in this  latter 
species alien  workers are quite tolerant and  can feed peace- 
fully at the  same  food  source. 
To reduce the  cost of territorial defence, some  species 
delineate areas  around their nest  with scent marks  that 
repel aliens (Jaffe & Puche 1984;  Cammaerts & Cammaerts 
1996;  Devigne & Detrain 2002;  Devigne et al. 2004).  True 
physical ﬁghts can  also  be replaced by ritualized displays 
performed upon encounters with alien  workers at the  ter- 
ritory boundaries (Ho¨ lldobler 1976;  Mercier  et  al.  1997; 
Pfeiffer  & Linsenmair 2001;  van  Wilgenburg et al. 2005). 
Finally,   decreased  aggressiveness towards  nonnestmates 
is sometimes typical between neighbours that neverthe- 
less  remain highly aggressive towards allopatric or  non- 
neighbour  conspeciﬁc ants.  This  process resembles the 
so-called ‘dear enemy’ effect  described in  a variety of ver- 
tebrates and  invertebrates (Fisher  1954;  Rosell & Bjorkoyli 
2002;  Husak  & Fox 2003;  Leiser 2003).  For ants, reduced 
aggression between neighbours was shown in Acromyrmex 
octospinosus (Jutsum et al. 1979),  Leptothorax nylanderi 
(Heinze et al. 1996),  Pheidole tucsonica  and  Pheidole gilves- 
cens  (Langen  et  al.  2000),   Formica  pratensis   (Pirk  et  al. 
2001)  and  Cataglyphis  fortis (Knaden & Wehner 2003). 
In   theory,  two   mechanisms  could  explain  the   ‘dear 
enemy’ effect. First, it may derive  from  habituation follow- 
ing repeated encounters between neighbouring ants while 
foraging. Although laboratory studies support this  mecha- 
nism (Langen et al. 2000),  whether it actually occurs  in the 
ﬁeld and the way in which it may transfer from the individ- 
ual to colony level remain unclear. Moreover, repeated en- 
counters between neighbours may  increase aggression 
rather than reduce it, as in Pogonomyrmex barbatus (Gordon 
1989),  I. purpureus  (Thomas et al. 1999)  and  Pristomyrmex 
pungens (Sanada-Morimura et al. 2003). Elevated aggression 
following repeated encounters may  also occur  in invasive 
Argentine ant  in which Thomas et al. (2006)  reported that 
workers collected at the boundary between pairs of Califor- 
nian supercolonies were more aggressive to each other than 
workers collected further inside the  supercolonies. 
Second, the  recognition cues  of  colonies living  in  the 
same  area  may  be  more similar than  those of  allopatric 
colonies (e.g. F. pratensis, Pirk et al. 2001). A large body of evi- 
dence now  shows that these cues  comprise a mixture of 
cuticular hydrocarbons (Vander Meer & Morel 1998;  Lahav 
et al. 1999; Lenoir et al. 1999; Wagner et al. 2000; Ozaki et al. 
2005),  the  composition of which is inﬂuenced by the  envi- 
ronment and  the  genetic background. Investigations on 
several  species  (i.e. Cataglyphis  niger, Pachycondyla  apicalis, 
Camponotus fellah,  Aphaenogaster  senilis) have  shown that 
this    mixture   undergoes   continuous   homogenization 
among colony members through social  interactions 
(Soroker  et al. 1995;  Soroker  et al. 1998;  Boulay et al. 2000; 
Lenoir et al. 2001; Boulay et al. 2004). Therefore, reduced ge- 
netic differences between neighbouring colonies, together 
with similarities in nesting material and food, might hamper 
chemical discrimination and  reduce internest aggression. 
The present study analyses the  mechanisms of intraspe- 
ciﬁc competition in Camponotus cruentatus, a dominant 
species in the  western Mediterranean basin. After a nuptial 
ﬂight the single queen founds a new colony that matures to 
adulthood within a few years, comprising several thousand 
workers and  producing hundreds of sexuals  annually. Sub- 
terranean nests  are monodomous and  can occupy a surface 
of 2e4 m2 with several entrances (R. Boulay & X. Cerda´ , per- 
sonal observation). Although workers are important collec- 
tors of aphid honeydew, they are also opportunist foragers 
that feed on bird faeces, dead insects and myrmecochorous 
seeds (Alsina et al. 1988;  Boulay  et al. 2005).  We estimated 
the  spatial distribution of nests  and  the  degree  of overlap 
of their foraging areas in an experimental plot. We predicted 
that an important overlap of foraging areas would be found 
if mature colonies were  randomly distributed, but  not if 
they were  overdispersed. Then, by  offering a  rich   food 
source at a spot  where two foraging areas overlap (near  the 
edge of each  nest’s foraging range), we tested whether one 
colony monopolizes the food source or whether overt ﬁght- 
ing over the source  occurs. Finally, we carried out a series of 
behavioural tests  and  chemical analyses to  test  the  ‘dear 
enemy’ effect  and  the  geographical distance-dependence 
of hydrocarbon proﬁle differentiation in this  species. 
 
 
METHODS  
 
Study System 
 
Fieldwork was conducted during the summer (late Junee 
early August)  of 2004 in a plot measuring 50 × 50 m located 
in Sierra de Cazorla (South Spain: 37o 560 N, 2o 520 N) at about 
1460 m elevation. It consisted of an open ﬁeld with sparsely 
distributed pine (Pinus  nigra) and oak  (Quercus rotundifolia) 
trees  and  shrubs (mostly Quercus  ilex,  Juniperus  oxycedrus 
and  Rubus  ulmifolius).  The climate at Sierra  de  Cazorla is 
typical of Mediterranean mountains, with long hot, dry sum- 
mers and cold wet winters. During the period of observations 
C. cruentatus ceased foraging at midday when ground temper- 
ature exceeded 40o C. All ﬁeld experiments and  observations 
were  therefore conducted during mornings from  0800  to 
1200 hours (i.e. between 1 and 5 h after sunrise). 
 
Nest Density, Foraging Area and Food 
Domination 
 
To map nest  distribution and  colony foraging area,  the 
study plot  was  divided into 100  grid  squares measuring 
   
 
5 × 5 m, each  of which was scrutinized until a forager  was 
located. To induce the  forager  to  return to  its nest  it was 
hand-fed with a small  piece  of bait  (e.g.  sausage or  tuna 
ﬁsh) and  tracked back to the  nest. If a worker  was not spot- 
ted after 5 min we proceeded to the  next square. This pro- 
cess  was  repeated over  a  period of  10  consecutive  days 
during which  each   grid-square  was  scanned six  times. 
Ant departure-spot and  nest  entrance were geo-referenced, 
and  nest  location was  mapped using Arcview  GIS v.  3.2 
(ESRI, Redlands, CA).  Colonies were  then  categorized as 
either established or incipient using the  following criteria: 
the  number of workers tracked back to each  nest, the  pres- 
ence  of soldiers guarding the  nest  entrance, and  the  exis- 
tence  of  a  permanent  trafﬁc   of  foragers   entering and 
exiting the  nest. Colony survival was checked after  1 year 
(summer 2005) by monitoring the ants’ activity after depos- 
iting small pieces of tuna ﬁsh at the nest entrance. We never 
observed colony relocation and  are unaware of such  being 
reported in this  or any close species  of the  same  genus. 
Spatial  nest  distribution was  compared with a random 
distribution using the  method of Clark & Evans (1954). In 
brief, this  method computes a C statistics based  on the  dis- 
tance to  the  nearest neighbour and  nest   density in  the 
plot  and  compares it with a Z distribution to test  whether 
the  observed distribution is more aggregated or more dis- 
persed than  expected at  random. To  estimate the   95% 
minimum  convex polygons (MCPs)  of  nests   for  which 
we   had   more than  10   ant   departure-spots  (Michener 
1979)  we used  the  Home Range  extension for Arcview 
(available at http://www.blueskytelemetry.co.uk/). These 
polygons reﬂect   the   minimum area  around the   nest   in 
which at least  95%  of the  workers forage.  The  proportion 
of overlap between MCPs was used  to estimate overlap in 
foraging areas  of neighbouring nests. 
To investigate whether a food  patch was dominated by 
one  colony or was shared by ants from  neighbouring 
colonies, we placed bait (minced sausage) at a spot  in their 
overlapping foraging areas. A small  dot  of paint was gently 
deposited  on   the   abdomen  of   the   ﬁrst   workers that 
discovered the  bait  to  track  them back  to  their nest. The 
number of ants present at each  recruitment event for both 
colonies was counted for 3 h after food  discovery. For each 
pair  of nests, three to ﬁve replicates were  performed with 
at  least  2 days  interval between replicates. We  estimated 
the  relative recruitment effort  of a colony as the  percent- 
age  of  workers it  recruited during  a  single   experiment 
with respect to the  total number of recruits of this  colony 
in all the  replicates. The relative recruitment effort  of a col- 
ony  was then regressed against the  relative recruitment ef- 
fort of its counterpart using a generalized linear model for 
repeated measures. The  null  hypothesis was that the  rela- 
tive  recruitment effort   of  a  colony was  independent  of 
that of its counterpart (i.e. neighbours share  food  patch). 
To that end  we used  the  GENMOD  procedure for  SAS v. 
8.0   (SAS  Institute  Inc.,   Cary,   NC)   with  the   negative 
binomial error  distribution and  Logit  link  function. 
 
Behavioural Tests 
 
To  test  the  ‘dear  enemy’ hypothesis we  measured the 
aggression between neighbouring and  distant nests  in the 
laboratory. Thirty-one groups of ﬁve resident ants were 
collected from  18 established colonies (at least  one  group 
per  colony) of the  study plot  and  installed in  containers 
measuring 17 × 17 × 5 cm,  the  walls  of  which were  tal- 
cum  coated to prevent the  ants from  escaping. Each group 
of residents was exposed to a nestmate intruder (control), 
to an alien  nonneighbour intruder, and  to an alien  neigh- 
bour  intruder (n ¼ 2),  an  alien  allopatric intruder (n ¼ 2) 
or  both (n ¼ 27).  The  alien   allopatric intruder  was  col- 
lected from  one  of 10 colonies belonging to a population 
located more than 30 km  away.  At  least  45 min elapsed 
between two  consecutive tests  using the  same  group of 
residents. The ants were allowed to calm  down and  return 
to normal exploratory or resting activity before  the  test be- 
gan.  The ﬁlter  paper lining the  container was replaced be- 
tween  consecutive  tests.    All   the    workers  were   ﬁeld 
collected near  their nest  entrance a few hours before  the 
tests.  Intruders were marked with a dot  of paint on the  ab- 
domen and  allowed to settle  for 1 min before  the  encoun- 
ters  by  keeping them in  a  small  compartment that was 
removed at  t ¼ 0. The  interactions between the  ﬁve  resi- 
dents and  the  intruder were  then recorded every  30 s for 
10 min. Six interactions were  clearly  identiﬁed: antennal 
exploration, grooming, trophallaxis, threat (a resident 
bends its  abdomen forward and  opens its  mandibles in 
the  direction of  the  intruder), bite,  and  duel  (a resident 
seizes  the   intruder by  the   mandibles and   starts   to  pull 
backward to immobilize it). An aggression score was calcu- 
lated  for each  test by dividing the  number of aggressive in- 
teractions (threats, bites  and  duels)  by the  total number of 
interactions. The  GENMOD  procedure for  SAS v. 8.0  was 
used  to  ﬁt  a  generalized linear model to  the  aggression 
score  with the  binomial error  distribution and  Logit  link 
function. The  dependent  variables were  the   type  of  in- 
truder (within-subject factor), the  order  in which the  resi- 
dents  encountered  the   intruders,  and   their  colony  of 
origin (both between-subject factors). The  Lsmeans state- 
ment was  used  to  estimate differences between levels  of 
the  main factors. 
 
 
Chemical Analyses 
 
Ants  were  captured at  their nest  entrance and  held at 
9o C  for  15 min to  calm   down and   thereafter frozen at 
—20o C. Dissected postpharyngeal glands (PPGs) were  im- 
mersed in 50 ml of hexane and  thorax washes were carried 
out  for 30 min in 500 ml of hexane. Initial identiﬁcation of 
cuticular and  PPG hydrocarbons was achieved by gas chro- 
matography coupled to  mass  spectrometry (EI mode at 
70 eV) on  three representative samples, each  of which 
constituted a pool  of 15  individuals. Compound  separa- 
tion was  achieved using a DB-5 fused  silica  capillary col- 
umn that was  temperature programmed from  150o C  to 
300o C at 5o C. Compounds were  identiﬁed by  their mass 
fragmentation pattern as well as by comparison with syn- 
thetic n-alkanes. 
Individual PPG analyses were performed by gas chroma- 
tography coupled to ﬂame  ionization detection using the 
same  chromatographic conditions. We analysed a total of 
48 workers from four colonies, three of which (18, 6 and 15) 
   
 
were  sympatric and  located at  the  study plot  while  the 
fourth (99) was from  a different population located about 
30 km  from  the  study plot  (allopatric). For colony 18  we 
sampled ants from  each of two different entrances (a and b) 
about 1 m apart (nestmates). Colony 6 had high overlap in 
the foraging area  with colony 18  (sympatric neighbours) 
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while colony 15 did not share  the foraging area with either 
colony 18 or colony 6 (sympatric nonneighbours). 
To estimate similarities between individual PPG proﬁles 
we performed a cluster analysis using Ward’s (1963) method 
without a priori  assigning workers a colony identity. We se- 
lected 41 peaks, whose average relative proportion across all 
samples exceeded 1%. To eliminate biased effects of domi- 
nant compounds and   nonindependence of  the   propor- 
tions, the  difference between the  surface  of  a  peak  and 
this  peak’s  average surface  across  all samples was divided 
by  the   respective standard deviation (Quinn &  Keough 
2002).   The  standardized  variables were  independent  of 
each  other and  had  a zero mean and  one  unit standard de- 
viation. A discriminant function analysis was  conducted 
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to  conﬁrm the  results of the  cluster analysis. The  signiﬁ- 
cance of group separation according to their squared Maha- 
+ + + + + + + + + + + 
lanobis distances was tested by mean of analysis of variance. 
 
 
 
RE SUL T S 
 
Nest Density, Foraging Area and Food 
Domination 
 
A total of 533  workers were  tracked back  to  their nests 
during summer 2004,  486  of which belonged to  18 nests 
(mean T SE: 27 T 14; range:  13e48) located in or near  the 
limits of the plot (Fig. 1). These nests had clearly been estab- 
lished for more than 2 years judging by the permanent traf- 
ﬁc of foragers  going  in and out, and the presence of soldiers 
guarding the  entrance. By contrast, 21 ants belonged to 10 
colonies that neither showed regular trafﬁc  of foragers  nor 
had  soldiers, suggesting that they were  incipient colonies 
founded during the  previous nuptial ﬂight (midsummer 
2003). All 18  established nests, but  only seven  incipient 
ones, were  also  found in  2005.   The  remaining 26  ants 
that were  tracked back  were  scouts from  nests  located at 
least 10 m away from  the  plot  boundaries. 
Within the study plot, the 18 established nests tended to 
be  overdispersed (C ¼ 4.57;  P < 0.0001). Even  when the 
seven incipient colonies that survived in 2005 were included 
in the analysis, the average  distance separating two  neigh- 
bouring nests was  still  larger  than expected from  random 
(C ¼ 2.56;  P < 0.005). The average  distance separating two 
established neighbouring nests was  10.0 T 0.6 m  (mean - 
T SE) and  never less than 7 m. The distribution of distances 
to the closest neighbour was not normal but right-skewed to- 
wards large distances (ShapiroeWilk W ¼ 0.88, P ¼ 0.0302). 
The polygon surface delineating the area in which 95% of the 
ants from  a  single, large  colony foraged was  on average 
156 T 33 m2   (mean T SE;  Fig.  1).  Such   colonies  shared 
44.3 T 8.5% (mean T SE; minemax: 0e97%) of their forag- 
ing area with one or more neighbours. Ants from neighbour- 
ing  colonies repeatedly patrolled these common areas  and 
thus could compete for the same food sources. 
Figure 1. Map of the 18 major nests localized on or near the 
50 × 50 m studied  plot.  The polygons are 95%MCP figuring  the 
area within  which 95% of the workers of a given nest forage. 
The crosses delimit the plot. 
 
 
Bait placed on  the  border between foraging areas 
belonging to neighbouring nests  was rapidly discovered 
following  the    onset  of   daily   activity.  The   ﬁrst   ants 
generally inspected the  bait  and  then transported part  of 
it  to  the   nest. The  same   ant   (as  judged by  it  marked 
abdomen) often returned with a group of 4.48 T 0.22  re- 
cruits  (mean T SE; range:  1e13  recruited ants). The  rela- 
tive  recruitment effort  of two  neighbouring  colonies was 
not independent but  negatively correlated (b ¼ —3.1182, 
Z17 ¼ —3.67, P ¼ 0.0002). For example, while  colonies 10 
and  4 recruited approximately the  same  total number of 
workers over  four  tests  (116  and  106,  respectively), their 
relative  recruitment   effort    was   negatively   correlated: 
when colony 4  recruited numerous  workers, 10  did  not 
and  vice  versa.  In  14  out  of  18  tests  this  asymmetry  re- 
sulted in complete domination of the  bait by only one  col- 
ony,   the   identity of  which,  however, differed between 
tests.   In  10  cases,  the   colony that  discovered the   food 
bait  ﬁrst was eventually the  dominant one. Resource  dom- 
ination was  generally attained by  recruiting soldiers that 
patrolled the  site and  aggressively prevented the  approach 
of  nonnestmates,  which  could reach the   bait   only  by 
means of swift sneaking. Only  in four  tests  did both nests 
recruit nestmates at  a  more symmetric rate,   leading to 
a full-scale  battle that ended when, after  several  recruit- 
ments, workers from  one  nest  clearly  outnumbered those 
of the  other and  forced  them to retreat. 
 
 
Behavioural Tests 
 
The results of the  behavioural tests conducted in the  lab 
indicated that  resident groups did  not  respond aggres- 
sively to the  introduction of a nestmate ant  into the  arena 
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and  mostly shared trophallaxis, groomings or antenna- 
tions. By contrast, residents were  always  very  aggressive 
towards alien  ants, irrespective of whether they came  from 
an   allopatric,  sympatric  or  neighbouring  nest   (Fig.  2; 
3  ¼ 22:84,  P < 0.0001). Neither the  order  in  which the 
different types  of encounters were performed, nor  the  col- 
ony  of origin of the  resident ants signiﬁcantly affected the 
while   the   second  extracted  root,  which  explained  19% 
of the  variance, opposed sympatric colonies. 
 
 
 
D I SC US SION  
 
The  ant  C. cruentatus  is a very  common and  widespread 
aggression score  (c2   ¼ 6:45,  P < 0.0915 and  c2 ¼ 15:42, species  in mountainous regions of the  western Mediterra- 3 
P < 0.5650, respectively). 
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nean basin, where it generally dominates and  displaces its 
main competitors (e.g. Cerda´  et al. 1997).  Its abundance in 
the  study region is evidenced by the  fact that at least  one 
worker  could be  found in  88.8%  of the  six  scan-surveys 
Chemical Analyses 
 
There  was  high congruency between cuticular washes 
and  PPG  extracts (Fig.  3).  Sixty-four hydrocarbon  peaks 
were  identiﬁed, revealing an  atypical proﬁle for  ants in 
possessing high proportions of trimethylalkanes (the  two 
largest   peaks   belonged  to   5,11,15-trimethylhentriacon- 
tane and  5,11,15-trimethyltritriacontane). The thoracic 
washes also  contained four  esters  of fatty  acids  (dodecyl 
dodecanoate, dodecyl tridecanoate, tetradecyl dodeca- 
noate, tetradecyl tridecanoate) that may  have  originated 
from  Dufour’s gland, which also contains high concentra- 
tions of  these esters  (data  not shown). It  is not known 
whether the  ants projected these compounds during their 
manipulation or if they normally bear them on  their cuti- 
cle. The cluster analysis revealed a clear separation on  the 
basis of colony identity (Fig. 4). None the  less, colonies 18, 
6 and  15,  all located on  the  study plot, were  also  clearly 
separated  from   the   allopatric colony  (99).   Within the 
study plot  colonies 6 and  15 clustered together, suggesting 
that their proﬁles were more similar to each  other than to 
that of  colony 18.  Ants  from  colony 18,  except for  one 
worker  that was misclassiﬁed, clustered together regardless 
of the  entrance at which they had  been collected (a or b). 
Discriminant function analysis conﬁrmed the  signiﬁcant 
difference (measured with squared Mahalanobis distances) 
between the  hydrocarbon proﬁles of  workers from  colo- 
nies    18,   6,   15   and    99   (data    not  shown;  F ¼ 1.41, 
P < 0.0001). Nevertheless, workers collected at  nest   en- 
trance 18a  and  18b  were  not signiﬁcantly discriminated 
(P ¼ 0.204).  The   ﬁrst   extracted  root,  which  explained 
72%  of  the   total  variance, opposed allopatric colonies, 
that were  performed in  each  of  the  100  grid  squares in 
our study plot. Large nests  were overdispersed, which sug- 
gests that they competitively exclude new  foundations by 
direct  aggression of incipient colonies, through a more ef- 
ﬁcient food  exploitation, or both. Our  ﬁrst prediction was 
that overdispersion of nests  would lead to a reduced over- 
lap of foraging areas as is common in other dominant ant 
species  (Ho¨ lldobler 1974;  Skinner 1980;  Levings  & Franks 
1982;  Breed et al. 1990).  Surprisingly, however, the  18 es- 
tablished colonies of C. cruentatus  that were  localized on 
our  study plot  foraged on  areas  that overlapped by more 
than 44%.  This  is in  contrast, for example, to  Ectatomma 
ruidum,  another species  in  which nests  are  regularly dis- 
tributed and  foraging areas  do  not overlap at  all  (Breed 
et al. 1990). 
This   large   overlap  suggests that  alien   C.  cruentatus 
workers frequently compete for the  same  resources. In par- 
ticular, this  may  occur  when the  food  source  is too large to 
be exploited by a single  individual (e.g. a clump of myrme- 
cochorous seeds  or a bird  faeces),  which therefore recruits 
nestmates. This  was simulated in our  study by depositing 
large pieces of bait at the  intersection of two neighbouring 
colony foraging ranges. By marking the  ﬁrst ants that dis- 
covered the  food,  we observed that they often returned to 
the  source accompanied by up to 13 nestmates. This mode 
of group recruitment, which was ﬁrst described in Campo- 
notus  paria  (Hingston 1929),   also  occurs   in  Camponotus 
socius (Ho¨ lldobler 1971;  Kohl et al. 2001)  and  Camponotus 
sylvaticus (Cerda´  et al. 1997;  R. Boulay,  unpublished data). 
Each  recruited worker  can  recruit further workers, which 
rapidly leads  to  multiple groups travelling between the 
nest  and  the  source. The recruitment effort  of the  two  col- 
onies  that shared the  area  where the  bait  was  deposited 
1 b b 
 
0.8 
 
0.6 
 
0.4 
 
0.2 
a 
0 
b was  not independent but   negatively correlated, which 
may  denote resource domination by one  colony. However, 
from  our  observations of  repeated encounters it  is clear 
that there was  no  monopolization by  speciﬁc  nests  but, 
rather, that domination seems  to be linked to the  nest  or- 
igin  of the  scout  that found the  resource ﬁrst,  and  to  the 
fact  that the  ﬁrst  ants recruited were  generally soldiers, 
which did  not participate in food  collection but  patrolled 
around the  source  and  drove  away  any  approaching alien 
ants. This  mechanism may  give  a competitive advantage 
to  large  colonies that have  more scouts and  may  be able 
Nestmate  Alien 
neighbour 
Alien 
nonneighbour 
Alien 
allopatric 
to  discover a new  source  more quickly than small  colo- 
nies.  The negative correlation between the  recruitment  ef- 
Figure 2. Aggression  scores (model-adjusted means T 95% confi- 
dence limits) of the four types of encounters. Different letters denote 
significant differences. 
forts of two  neighbouring nests  suggests that foragers  that 
discovered  a  resource that  was   already  dominated  by 
a neighbouring colony did  not recruit. A more dramatic 
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hexatriacontane. 
 
 
situation was observed on four occasions, when both com- 
peting colonies discovered the  source almost simulta- 
neously  and   did   not  stop   recruiting until  a  full-scale 
battle broke  out  involving tens  of workers. High  levels  of 
aggression between alien  workers and  the  losses  this  can 
incur may  have  favoured the  evolution of mechanisms 
preventing escalation of  ﬁghts. During contests, we  did 
not observe ritualized behaviours as described, for  exam- 
ple  for  Camponotus  gigas  (Pfeiffer   &  Linsenmair  2001) 
and  other species  (Ho¨ lldobler 1976;  Mercier  et  al.  1997; 
van  Wilgenburg et al. 2005). In C. cruentatus, resource-site 
marking may play a role in reducing the probability of ﬁght- 
ing. While patrolling around the source, soldiers repeatedly 
touched the ground with the tip of their abdomen, possibly 
depositing a repellent aimed at alien conspeciﬁcs. None the 
less, whenever contact was made with alien  ants it culmi- 
nated in  overt   aggression with most threats developing 
into bites and  the  ejection of formic acid, which caused se- 
rious  injury. 
The  high level  of  aggression among alien   neighbours 
was  conﬁrmed by  our   laboratory bioassays. Maximum 
aggression was  released between alien  ants regardless of 
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Figure 4. Dendrogram generated by the cluster analysis conducted on the PPG hydrocarbon profiles of 48 individuals from colonies 6, 15, 99 
and 18. For the latter, letters between parentheses identify two nest entrances where the ants were collected. 
 
 
whether they were sympatric neighbours (that possibly 
have   had   contact while   foraging previously), sympatric 
nonneighbours (colonies nesting less than 70 m apart but 
sufﬁciently distant not to  have  overlapping foraging area 
and  very low probabilities of accidental contact while  for- 
aging), or allopatric ants (that belonged to different popu- 
lations over  30 km  away  from  the  study plot). Similar 
independence between geographical distances and  aggres- 
sion as well as aggression between neighbouring nests  were 
also  described in  Cataglyphis  iberica  (Dahbi et  al.  1996). 
High  aggression between C. cruentatus  workers was accom- 
panied by dissimilarities in cuticular hydrocarbon proﬁles 
among colonies.  To  date,  multiple studies have  shown 
that such  mixtures serve  as  a  colony recognition signal 
(Vander Meer  &  Morel  1998;   Lahav  et  al.  1999;   Lenoir 
et al. 1999;  Wagner et al. 2000;  Ozaki  et al. 2005).  In  the 
present study, the   hydrocarbon  proﬁle of  C.  cruentatus 
was  very  similar among nestmates but   clearly   different 
among colonies, which may  explain the  aggressive rejec- 
tion of all aliens. Given the  behavioural results discussed 
above, this  suggests that even  a relatively low  difference 
in  recognition cues  already generates the  maximum level 
of  aggression. Interestingly, sympatric colonies clustered 
separately from   the   allopatric colony. This  might have 
been because of a greater similarity in environmental  fac- 
tors  (e.g. food)  that affect  the  hydrocarbon pattern (Bucz- 
kowski  & Silverman 2006),  or to larger  genetic differences 
among populations (Beye et al. 1998;  Tsutsui et al. 2003). 
In  many territorial solitary vertebrates, individuals are 
able  to adapt their aggressive behaviour to the  identity of 
their competitors. For example, male  wall  lizards  display 
strong aggressiveness towards new  immigrants but  such 
aggression declines once  the   neighbours have   become 
familiar with each  other and  territories have  been estab- 
lished (Lo´ pez & Martı´n 2002).  Although a similar ‘dear en- 
emy’ effect  has  been described in eusocial insects (Jutsum 
et  al.  1979;  Heinze et  al.  1996;  Langen et  al.  2000;  Pirk 
et  al.  2001;  Knaden & Wehner 2003),  several  proximate 
and  evolutionary shortcomings may  limit its general 
occurrence in  social  insects. The  ﬁrst  pertains to  the  like- 
lihood of learning the  neighbours’ recognition cues.  Un- 
like long-lived solitary animals that repeatedly encounter 
their neighbours, ants  frequently start   foraging  in  the 
last  weeks  or days  of their life, a period that may  not be 
sufﬁcient to  acquire enough information on  their neigh- 
bours’  identity, especially if the  probability of encounter 
is low.  Moreover, the  temporal plasticity of  the  recogni- 
tion label  (Provost et al. 1993;  Boulay  et al. 2000;  Suarez 
et al. 2002)  may  further hamper the  habituation process. 
Finally,   there is  no   evidence that  such   information   if 
learned by  the   individual forager   can  be  transferred to 
nestmates. Even  if these proximate shortcomings can  be 
overcome, the  ultimate cause  for  the  ‘dear  enemy’ effect 
in  social  insects remains questionable. It  is hard to  per- 
ceive  why   a  reduction of  aggressiveness among  neigh- 
bours  while    maintaining  a   high  level   of   aggression 
among nonneighbours  would be  selected for.  The  ‘dear 
enemy’ effect  is expected to  evolve  when residents and 
intruders are  of  similar size,  which frequently occurs  in 
territorial   vertebrates.   However,  in   ant    species    like 
C. cruentatus, established colonies do not migrate and  con- 
sequently are  unlikely to  encounter any  unfamiliar com- 
petitor other than a new  foundation, which can  be easily 
dominated. Although different life history traits  or ecolog- 
ical  conditions (colony ﬁssion, budding, frequent nest 
relocation,  reduced  intraspeciﬁc  density)  may   possibly 
   
 
promote the  ‘dear enemy’ effect,  they can  also lead to the 
opposite, that is a higher aggression towards neighbours 
that threaten territorial integrity (Thomas et al. 1999;  San- 
ada-Morimura et al. 2003; Thomas et al. 2006),  or to a more 
general reduction of intraspeciﬁc aggression allowing rapid 
colonization of  new  environments  (Holway et  al.  1998; 
Giraud et al. 2002). 
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